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(54) Surface acoustic wave device 

(57) A surface acoustic wave device (1 ) includes a 
piezoelectric substrate (2), at least one IDT (5-7) dis- 
pose6 on the piezoelectric substrate, and an input end 
and an output end connected to the IDT. At least one of 
the input end and the output end includes a pair of bal- 



anced signal terminals (1 6,17), and a delay line or a re- 
actance component connected to one of the pair of bal- 
anced signal tenninals (16,17). or a capacitance conn- 
ponent connected between the balanced signal termi- 
nals (16,17). 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave device used as. for exannple, a bandpass 
filter and nnore particularly, the present Invention relates 
to a surface acoustic wave device in which an input end 
and/or an output end Includes a pair of balanced signal 
temninals. 



anced-to-unbalanced conversion is considered to be a 
three-port device, for example, assuming that the unbal- 
anced input end is port 1 and that the balanced output 
ends are port 2 and port 3, respectively. 



Amplitude balance = lAI 
where A = l20logS21l - l20logS31l. 

10 

Phase balance = IB - 1801 



2, Description of the Related Art 

[0002] In recent years, portable telephones have be- 
come smaller and lighter. In order to satisfy these de- 
mands, the reduaion in the number of component parts, 
the minialuriifdlton of parte, and the combination of func- 
tions must be achieved 

[0003] Considering the above circumstances, various 
surface acoustic wave filters having the function of bal- 
anced-to-unbalanced conversion or the function of a 
balun elemcnl which arc used in the RF stage of the 
portable telephone, have been proposed, 
[0004] Fig. 30 is a schematic plan view showing the 
electrode construction of a conventional surface acous- 
tic wave filter having the function of balanced-to-unbal- 
anced conversion . 

[0005] Here, first to third IDTs 1 01 to 1 03 are disposed 
along the surface acoustic wave propagation direction. 
Reflectors 1 04 and 1 05 are disposed at respective sides 
of the area having the IDTs 101 to 103 provided therein 
In the surface wave propagation direction. Both the dis- 
tance between the IDT 101 and the IDT 102 and the 
distance between the IDT 1 02 and the IDT 1 03 are 0.75 
XI when a wavelength determined by the pitch of elec- 
trode fingers of the IDTs 101 to 103 is The free area 
between IDTs is made small by widening the electrode 
fingers 109 and 110 at both ends of the IDT 102. As a 
result, the loss caused by the radiation of a bulk acoustic 
wave is reduced. Moreover, in Fig. 30, terminals 1 06 and 
1 07 are balanced signal tennlnals and a terminal 1 08 is 
an unbalanced signal terminal. 

[0006] In the surface acoustic wave filter having the 
function of balanced-to-unbalanced conversion, the 
transmission characteristic in each of the passbands be- 
tween the unbalanced signal terminal 1 08 and the bal- 
anced signal terminal 1 06 and between the unbalanced 
signa\ terminal 1 08 and the balanced signal terminal 1 07 
Is required to be equal In amplitude characteristic and 
180 degrees opposite In phase. The condition of being 
equal in amplitude characteristic is called amplitude bal- 
ance and the condition of being 180 degrees different in 
phase is called phase balance. 

[0007] The above-mentioned amplitude balance and 
phase balance are defined as in the following, when a 
surface acoustic wave filter having the function of bal- 



where B=- IZS21 -ZS31I. 
15 [0008] Moreover, S21 represents a transfer factor to 
port 2 from port 1 and S31 represents a transfer factor 
to port 3 from port 1 . 

[0009] Ideally, it is required that the amplitude balance 
is 0 dB and the phase balance is 0 degrees In the pass- 

20 band of a filter. However, in the construction shown in 
Fig. 30, when a filter having the function of balanced-to- 
unbalanced conversion was attempted to be produced, 
there was a problem in that the balance becomes worse 
because the number of electrode fingers of the IDT 102 

^5 is odd and the number of electrode fingers connected 
to the balanced signal terminal 106 is greater by one 
than the number of electrode fingers connected to the 
balanced signal terminal 1 07. This problem particularly 
becomes apparent as the center frequency of the filter 

30 increases, and in the filters the center frequency of 
which is about 1 .9 GHz as in the filters for DCS and PCS, 
adequate balances cannot be obtained. 

SUMMARY OF THE INVENTION 

35 

[0010] In order to overcome the problems described 
above, preferred embodiments of the present invention 
provide a surface acoustic wave device in which the 
above-mentioned problems are solved and the balance 
40 between a pair of balanced signal terminals is greatly 
improved. 

[001 1 ] A s u rf ace acoustic wave device according to a 
first preferred embodiment of the present Invention In- 
cludes a piezoelectric substrate, at least one IDT dls- 

45 posed on the piezoelectric substrate, and an input end 
and an output end connected to the IDT At least one of 
the input end and the output end includes a pair of bal- 
anced signal terminals, and a delay line or a reactance 
component is connected to one of the pair of balanced 

50 signal terminals. Therefore, by adding a reactance com- 
ponent or a delay line in accordance with the difference 
between the frequency characteristics of the first and 
second balanced signal terminals, the balance such as 
the amplitude balance, phase balance, and other char- 

55 actehstics, can be effectively improved. 

[0012] A surface acoustic wave device according to a 
second preferred embodiment of the present invention 
includes a piezoelectric substrate, at least one IDT dis- 
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posed on the piezoelectric substrate, and an input end 
and an output end connected to the IDT At least one of 
the input end and the output end includes a pair of bal- 
anced signal tenninals, and delay lines or reactance 
components are connected to the pair of balanced sig- 5 
nal terminals, respectively, and are different from each 
other. According to this unique structure, by making the 
reactance components or the delay lines different from 
each other in accordance with the difference between 
the frequency characteristics of the first and second bal- to 
anced signal terminals, the amplitude balance and 
phase balance can be effectively improved in the same 
way as in the first preferred embodiment of the present 
invention. 

[001 3] A surface acoustic wave device according to a i5 
third preferred embodiment of the present invention in- 
cludes a piezoelectric substrate, at least one IDT dis- 
posed on the piezoelectric substrate, and an Input end 
and an output end connected to the IDT. At least one of 
the input end and the output end comprises a pair of 
balanced signal terminals, and a capacitance compo- 
nent is connected between the pair of balanced signal 
terminals. According to this unique structure, the capac- 
itance connected between the pair of balanced signal 
temiinals can adjust the deviation of the frequency char- 2s 
acteristics between the pair of balanced signal termi- 
nals, thereby improving the amplitude balance and the 
phase balance effectively. 

[0014] The aforementioned surface acoustic wave 
devices according to various preferred embodiments of 30 
the present invention may define a longitudinally cou- 
pled resonatortype surface acoustic wave filter in which 
at least three IDTs are disposed along the surface 
acoustic wave propagation direction. In this case, a lon- 
gitudinally coupled resonator type surface acoustic 35 
wave filter in which the amplitude balance and the phase 
balance are improved according to preferred embodi- 
ments of the present invention can be obtained. Also, a 
plurality of longitudinally coupled resonator type surface 
acoustic wave filters may be connected to each other in 40 
a cascade arrangement. 

[DDI 5] An electrical neutral point may be provided be- 
tween the pair of balanced signal tennlnals but, it is pref- 
erable there is no electrically neutral point between the 
balanced signal terminals. In either case, a surface 45 
acoustic wave device in which the amplitude balance 
and the phase balance are improved can be constructed 
according to other preferred embodiments of the 
present Invention. 

[0016] A piezoelectric substrate may be housed in a 50 
package in which mlcrostrip lines are formed. Further- 
more, the mlcrostrip lines may constitute the above- 
mentioned reactance components or delay lines such 
that a surface acoustic wave device according to various 
preferred embodiments of the present invention can be 55 
easily constructed only by fomning mlcrostrip lines to de- 
fine the reactance components or deiay lines on the side 
of the package. 
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[0017] Furthermore, when the above-mentioned re- 
actance components are constructed using mlcrostrip 
lines or delay lines, as the mlcrostrip lines are construct- 
ed inside the package, the balance can be improved 
without increasing the mounting area of a surface 
acoustic wave device. 

[0018] When a surface acoustic wave element in 
which IDTs are provided on a piezoelectric substrate is 
housed with the surface with the IDTs disposed thereon 
face down in a package, a surface acoustic wave device 

having a very small size and an excellent balance can 
be provided according to another preferred embodiment 
of the present invention. 

[0019] When a surface acoustic wave element with 
IDTs constructed on a piezoelectric substrate is housed 
in a package having electrodes disposed thereon, and 
the electrodes of the package are electricaiiy connected 
to the surface acoustic wave element by bonding wires, 
the level of the above-mentioned reactance compo- 
nents or delay lines can be adjusted by adjusting the 
length of the bonding wires connected to a pair of bal- 
anced signal terminals. As a result, a surface acoustic 
wave device in which the balance is improved according 
to preferred embodiments of the present invention can 
be easily provided. 

[0020] When the above-mentioned reactance compo- 
nents and delay lines dependent on the length of bond- 
ing wires is added, because the dimension of the pack- 
age is not required to change, the balance can be im- 
proved without increasing the mounting space required, 
[0021] In a communications device including a sur- 
face acoustic wave device according to above-de- 
scribed preferred embodiments of the present invention, 
since the balance between a pair of balanced signal ter- 
minals is greatly improved, a communications device in 
which the balance in frequency characteristic is excel- 
lent can be constructed. 

[0022] Other features, elements, characteristics and 
advantages of the present invention will become more 
apparent from the following detailed description of pre- 
ferred embodiments with reference to the attached 
drawings. 

[0023] For the purpose of illustrating the invention, 
there is shown in the drawings several fomris which are 
presently preferred. It being understood, however, that 
the Invention is not limited to the precise an^angements 
and instrumentalities shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

Fig. 1 is a schematic plan view showing the elec- 
trode construction of a surface acoustic wave de- 
vice according to a first preferred embodiment of the 

present invention. 

Fig. 2 is a schematic plan view for describing the 
layout of the electrodes constructed on a piezoelec- 
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trie substrate in a first preferred embodiment of the 
present invention. 

Fig. 3 is a sectional front view showing the construc- 
tion of a surface acoustic wave device according to 
a first preferred embodinnent of the present inven- s 
tion and showing the state in which a surface acous- 
tic wave filter element is housed inside a package. 
Fig. 4 is a schematic plan view for describing the 
electrodes disposed in the package used in a first 
preferred embodiment of the present invention. io 
Fig. 5 is a schematic plan view for describing the 
external terminals provided on the lower surface of 
a bottom plate in the package of the first preferred 
embodiment of the present invention. 
Fig. 6 shows the characteristics of amplitude bal- 
ance to frequency of the first preferred embodiment 
of the present invention and a conventional exam- 
ple. 

Fig. 7 shows the characteristics of phase balance 

to frequency of the first preferred embodiment and 20 

a conventional example. 

Fig. 8 is a schematic plan view for describing the 
electrodes provided in the package of a convention- 
al example prepared for comparison with the first 
prefenred embodiment of the present Invention. 
Fig. 9 is a schematic plan view for describing anoth- 
er example of a surface acoustic wave device to 
which various preferred embodiments of the 
present invention are applied. 

Fig. 1 0 is a schematic plan view for describing fur- 50 
ther another example of a surface acoustic wave 
device to whbh various preferred embodiments of 
the present invention are applied. 
Fig. 11 is a schematic plan view for describing an- 
other example of a surface acoustic wave device to 35 
which various preferred embodiments of the 
present invention are applied. 
Fig. 1 2 is a view showing another example of a sur- 
face acoustic wave device to which various pre- 
ferred embodiments of the present Invention are ap- 
plied, the surface acoustic wave device in which ei- 
ther the input side or the output side is made bal- 
anced signal terminals. 

Fig. 13 is a schematic sectional front view showing 
a surface acoustic wave device as a modified ex- 
ample of the first preferred embodiment. 
Fig. 14 is a schematic sectional front view for de- 
scribing another modified example of the first pre- 
ferred embodiment. 

Fig. 15 is a plan view for describing a surface aco us- so 
tic wave device according to a second preferred 
embodiment of the present invention. 
Fig. 1 6 shows the characteristics of amplitude bal- 
ance to frequency of the second preferred embod- 
iment and a conventional surface acoustic wave de- ss 
vice prepared for comparison. 
Fig. 1 7 shows the characteristics of phase balance 
to frequency of the second preferred embodiment 



and a conventional surface acoustic wave device 
prepared for comparison. 

Fig. 18 is a schematic plan view of a conventional 
surface acoustic wave device prepared for compar- 
ison with the second prefenred embodiment of the 
present Invention. 

Fig. 1 9 is a plan viewfor describing a surface acous- 
tic wave device according to a third preferred em- 
bodiment of the present invention. 
Fig. 20 shows the characteristics of amplitude bal- 
ance to frequency of the third prefered embodi- 
ment and a conventional example. 
Fig. 21 shows the characteristics of phase balance 
to frequency of the third preferred ennbodiment and 
a conventional example. 

Fig. 22 shows the relationship between the capac- 
itance of a capacitor to be added In the third pre- 
ferred embodiment and the VSWR. 

Fig. 23 shows the relationship between the capac- 
itance of a capacitor to be added in the third pre- 
ferred embodiment and amplitude balance. 
Fig. 24 shows the relationship between the capac- 
itance of a capacitor to be added in the third pre- 
ferred embodiment and phase balance. 
Fig. 25 Is a schematic plan view Illustrating an ex- 
ample in which a capacitance component is defined 
by an electrode on a package side. 
Fig. 26 is a schematic plan view illustrating a mod- 
ification of the third preferred embodiment of the 
present invention. 

Fig.27 is a schematic plan view illustrating a struc- 
ture according to the modification of the third pre- 
ferred embodiment of the present invention. 
Fig. 28 Is a schematic block diagram for describing 
a communications device In which a surface acous- 
tic wave device according to various preferred em- 
bodiments of the present invention is used. 
Fig. 29 is a schematic block diagram for describing 
another example of a communications device in 
which a surface acoustic wave device according to 
various preferred embodiments of the present in- 
vention Is included. 

Fig. 30 Is a schematic plan view for describing a 
conventional surface acoustic wave device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0025] Hereinafter, the present invention is made 
clear by describing specific preferred embodiments of 
the present invention with reference to the drawings. 
[0026] A surface acoustic wave device according to a 
first preferred embodiment of the present Invention Is 
described with reference to Figs. 1 to 4. Moreover, in the 
present preferred embodiment and the following pre- 
ferred embodiments, a surface acoustic wave device to 
be applied to an AMPS reception filter is taken as an 
example and described. 
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[0027] In the present preferred embodiment, a sur- 
face acoustic wave device 1 preferably includes an elec- 
trode construction shown in Fig. 1 on a piezoelectric 
substrate 2 preferably defined by a 40 ± 5' Y cut X prop- 
agation LITaOa substrate. 

[0028] In Fig. 1, first and second longitudinally cou- 
pled resonator type surface acoustic wave filters 3 and 
4 are constructed on the piezoelectric substrate 2 in the 
surface acoustic wave device 1 , 
[0029] First to third IDTs 5 to 7 are arranged along the 
surface acoustic wave propagation direction in the lon- 
gitudinally coupled resonator type surface acoustic 
wave filter 3. Reflectors 8 and 9 are arranged at respec- 
tive sides of an area in which the IDTs 5 to 7 are located. 
Also in the longitudinally coupled resonatortype surface 
acoustic wave filter 4, first to third IDTs 10 to 12 are ar- 
ranged along the surface acoustic wave propagation di- 
rection and reflectors 13 and 14 are arranged at respec- 
tive sides of an area in which the IDTs 1 0 to 12 are pro- 
vided. 

[0030] The longitudinally coupled resonator type sur- 
face acoustic wave filters 3 and 4 have the same con- 
struction and are connected in a cascade arrangement. 
[0031] One end of the second IDT 6 of the longitudi- 
nally coupled resonatortype surface acoustic wave fitter 
3 is connected to an unbalanced signal terminal 1 5. The 
other end of the IDT 6 is connected to the ground po- 
tential. Furthermore, one end of the IDTs 5 and 7 is con- 
nected to the ground potential and the other end of the 
IDTs 5 and 7 is connected to one end of the IDTs 10 and 
1 2, respectively. The other end of the IDTs 1 0 and 12 is 
connected to the ground potential. One end of the IDT 
1 1 is connected to a balanced signal terminal 1 6 and the 
other end is connected to a balanced signal terminal 1 7. 
In this way, the unbalanced signal ternninal 15 and the 
pair of balanced signal temninals 1 6 and 1 7 respectively 
constitute an input end and an output end, or an output 
end and an Input end. 

[0032] The present preferred embodiment Is con- 
structed so that preferably there is no electrically neutral 
point between the balanced signal terminals 1 6 and 1 7. 
[0033] Furthermore, the IDT 5 and the IDT 7 have op- 
posite phases to each other and the IDTs 1 0 and 1 2 are 
opposite in phase to each other. Accordingly, the phase 
of a signal flowing in the signal line 1 8 connecting the 
IDT 5 and the IDT 1 0 and the phase of a signal flowing 
in the signal line 19 connecting the IDTs 7 and 12 are 
opposite in phase to each other. 

[0034] An electrode finger 5a of IDT 5 and that is ad- 
jacent to the IDT 6, Is connected to the ground potential. 
An electrode finger 7a of the IDT 7 and that is adjacent 
to the IDT 6 is connected to the ground potential. The 
electrode fingers 5a and 7a have the same polarity. 
[0035] In the same way, both of an electrode finger 
10a of the IDT 10 and adjacent to the second IDT 11, 
and an electrode finger 1 2a of the IDT 12 and adjacent 
to the IDT 11 , are connected to the ground potential and 
have the same polarity. 



[0036] An example of the specific design conditions 
of the surface acoustic wave device 1 are described in 
the following paragraphs. 

5 Cross width of electrode fingers = 49.0 X\ 

Number of electrode fingers of IDTs 5 and 1 0 = 24 
Number of electrode fingers of IDTs 6 and 11 = 34 
Number of electrode fingers of IDTs 7 and 12 = 25 
Wavelength of IDT X\ = 4.49 Xm 

10 Wavelength of reflector XH = 4.64 Xjm 

Number of electrode fingers of reflector =120 
Distance between (DTs = 0.79 XI 
Distance between IDT and reflector = XH 
Moreover, the distance between IDTs and the dis- 

15 tance between IDT and reflector are defined as the 
distance between the centers of the adjacent elec- 
trode fingers of adjacent IDTs and the distance be- 
tween the centers of the electrode fingers adjacent 
to an IDT and a reflector, respectively. 

20 Duty factor of IDT = 0.73 

Duty factor of reflector 0.55 

[0037] However, the duty factor Is defined as the ratio 
of the width of an electrode finger in the width direction 

55 of electrode fingers, that is, the width of an electrode 
finger, relative to the sum of the width of an electrode 
finger and the distance between electrode fingers in the 
surface wave propagation direction. 
[0038] Film thickness of electrode finger: 0.08 X\ 

30 [0039] Moreover, as is clearly seen in Fig. 1 , the width 
of the electrode fingers 6a, 6b, 1 1 a, and 1 1 b at both ends 
of the middle (second) IDTs 6 and 11 is larger and be- 
cause of that, the free surface area between IDTs is 
made smaller 

35 [0040] The actual layout on the piezoelectric sub- 
strate 2 of the above-mentioned surface acoustic wave 
device 1 is shown in a schematic plan view of Fig. 2. In 
Fig. 2, the IDTs 5 to 7 and 10 to 12 and the reffectors 8, 
9, 13, and 14, preferably having a substantially rectan- 

40 gular shape, are schematically shown. Furthermore, the 
terminals 21 to 23 shown in Fig. 2 are connected to the 
ground potential. In Fig. 2.. the unbalanced signal termi- 
nal 1 5, the balanced signal temriinals 1 6 and 1 7, and the 
temninals 21 and 23 are illustrated as having a substan- 

45 tially rectangular shape, but these portions represent 
electrode pads which are electrically conductive to the 
electrodes of a package via bump bonding and the cir- 
cles shown in the middle of the substantially rectangular 
electrode pads represent the bumps 37a to 37h. 

50 [0041] Moreover, in the portions in which the unbal- 
anced signal terminal 15 and the balanced signal termi- 
nal 17 are provided, two electrode pads 15a, 15b, 17a, 
and 17b are connected through conductive paths. That 
is, the unbalanced signal temninal 15 and the balanced 

55 terminal 1 7 are made electrically conductive to the elec- 
trodes of the package via the two electrode pads, re- 
spectively. 

[0042] Fig. 3 is a schematic sectional front view show- 
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ing the surface acoustic wave device 1 housed in the 
package. The package 31 contains a bottom plate 32, 
a side wall 33, and a cover material 34. The side wall 
33 having a substantially rectangular frame shape is 
joined on the bottom plate 32 to constitute a housing 
space 35. The surface acoustic wave device 1 is housed 
inside the housing space 35 and the housing space 35 
is closed up tight by the cover material 34. 
[0043] The surface acoustic wave device 1 is joined 
and connected to the bottom plate 32 through the bumps 
so that the device is mounted in a face down arrange- 
ment or that the surface, on which the electrodes are 
disposed, of the piezoelectric substrate 2 faces down- 
ward. That is, the die attach portion 36 including a con- 
ductive film is disposed on the upper surface of the bot- 
tom plate 32. The above-mentioned electrode pads of 
the surface acoustic wave device 1 are joined and con- 
nected to this die attach portion 36 through the bumps 
37d. 37f, etc. 

[0044] The planar view of the above die attach portion 
36 is shown In Fig. 4. The die attach portion 36 Includes 
the electrodes 36a to 36d which are separated from 

each other, and a microstrip line portion 36e. The elec- 
trode 36a is the portion which is electrically connected 
to the unbalanced signal terminal 1 5 shown in Fig. 2 and 
is connected to the unbalanced signal terminal 15 
through the bumps 37a and 37b shown by the circles. 
The electrode 36b is electrically connected to the termi- 
nals 21 to 23 shown in Fig. 2 through the bumps 37c to 
37e. Furthemnore. the electrode 36c is electrically con- 
nected to the balanced signal terminal 1 6 through the 
bump 37f. The electrode 36d is connected to the bal- 
anced signal terminal 17 through the bumps 37g and 
37h. 

[0045] Then, a microstrip lineSBe is linked to the elec- 
trode 36c. That is, the microstrip line 36e Is connected 
in series to the balanced signal terminal 16. 
[0046] The microstrip line 36e functions as a reac- 
tance component in the frequency band of the passband 
of an AMPS reception filter In the present preferred em- 
bodiment, the above microstrip line 36e is constructed 
so as to add a reactance component of about 0.8 nH to 
the balanced signal terminal 16. The microstrip Iine36e 
also functions as a delay line. 

[0047] The above-mentioned electrodes 36a to 36d 
and the microstrip line 36e are electrically connected to 
the external terminals shown in Fig. 5. Fig. 5 is a sche- 
matic plan view showing the external tenninals provided 
on the lower surface of the bottom plate 32 of the pack- 
age 31 . Moreover, in Fig. 5, the external terminals 38a 
to 38f are shown from a perspective of looking through 
the bottom plate 32. The external terminal 38a is elec- 
trically connected to the electrode 36a and the external 
terminals 38d and 38f are electrically connected to the 
microstrip line 36e and the electrode 36d connected to 
the balanced signal terminals, respectively. The exter- 
nal terminals 38b, 38c, and 38e to be connected to the 
ground potential are electrically connected to the above- 



mentioned electrode 36b. 

[0048] The electrodes 36a, 36b, and 36d and the 
microstrip line 36e can be electrically connected to the 
external terminals 38a to 38f by forming in the bottom 

5 plate 32 through-hole electrodes passing through the 
bottom plate 32 or by forming a conductive film connect- 
ing the electrodes on the upper and lower surfaces 
through the side surface. 

[0049] The surface acoustic wave device of the 
10 present preferred embodiment is characterized in that 
the above-mentioned microstrip line 36e is connected 
in series to one balanced signal terminal 16. 
[0050] The characteristic of amplitude balance to fre- 
quency and the characteristic of phase balance to fre- 
15 quency of the surface acoustic wave device according 
to the present preferred embodiment are shown by solid 
lines in Figs. 6 and 7, respectively. For comparison, the 
characteristic of amplitude balance to frequency and the 
characteristic of phase balance to frequency of a sur- 
^ face acoustic wave device (referred to as a conventional 
example) which is constructed in the same way as the 
above-mentioned device except that the microstrip line 
is not provided, are shown by broken lines in Figs. 6 and 
7. 

25 [0051] Moreover, the shape of the electrodes dis- 
posed on the upper surface of the bottom plate of the 
package of the above-mentioned conventional example 
is shown in Fig. 8. As clearly understood in Fig. 8, the 
shape of the electrode 36C connected to the balanced 
30 signal terminal is different from the electrode 36c shown 
In Fig. 4, and the microstrip line 36e is not connected. 
This electrode 36c is connected to the external terminal 
38e. Furthermore, because the microstrip line is not pro- 
vided, the shape of the electrode 36b connected to the 
35 ground potential is different from the case in Fig. 4. This 
electrode 36b is connected to the external terminals 
38b, 38c, and 38d. Furthermore, the electrode 36a is 
connected to the external tenninal 38a. 
[0052] The frequency range of the passband in the 
40 AMPS reception filter Is about 869 MHz to about 894 
MHz. As clearly seen in Fig. 6, the maximum amplitude 
balance In this range is about 0.9 dB in the conventional 
example, but about 0.75 dB in the present preferred em- 
bodiment and accordingly the amplitude balance is im- 
45 proved by about 0.15 dB. Furthemnore, as clearly seen 
in Fig. 7, the maximum phase balance is eight degrees 
in the conventional example, but about three degrees in 
the present preferred embodiment and accordingly the 
phase balance is improved by about five degrees. 
50 [0053] The reason why the balances are improved in 
this way is because the microstrip line 36e operating as 
a reactance component and a delay line is disposed in 
the package 31 and the reactance and the delay line is 
added to the balanced signal tenninal 16, and so the 
55 difference in frequency characteristic between the bal- 
anced signal terminals 16 and 17 is corrected. The re- 
actance component mainly improves the amplitude bal- 
ance while the delay line improves the phase balance. 
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ft is to be noted that as long as either the amplitude bal- 
ance or the phase balance is improved, the effect of the 
present invention is achieved. Thus, it is preferable that 
at least one of a reactance component or a delay line is 
added to one of the balanced signal terminals. 
[0054] That is, although the difference in frequency 
characteristic between the first and second balanced 
signal temnlnals 1 6 and 1 7 Is dependent on the construc- 
tion of surface acoustic wave elements, the layout of 
electrodes In the package 31 . and the design parame- 
ters, the balancing can be Improved by adding a reac- 
tance component and/or the delay line to one of the bal- 
anced signal terminals as described above. In other 
words, by adding a reactance component and/or a delay 
line to one signal tenninal so as to compensate the dif- 
ference in frequency characteristic between the first and 
second balanced signal terminals, the balancing can be 
Improved. 

[0055] Therefore, according to the present preferred 
embodiment, by adding a reactance component and/or 
the delay line of the microstrip line provided in the pack- 
age to one of the two balanced signal temnlnals in the 
surface acoustic wave device having the function of bal- 
anced-to-unbalanced conversion, the balance can be 
effectively Improved when compared with the conven- 
tional example. 

[0056] Although the present preferred embodiment is 
constructed so as to have no electrically neutral point 
between the balanced signal terminals 16 and 17, also 
the same effect can be obtained in a surface acoustic 
wave device having an electrically neutral point. This will 
be described with reference to Fig. 9. 
[0057] In the surface acoustic wave device shown in 
Fig. 9 (being a modified example according to the 
present invention), a surface acoustic wave device us- 
ing first to fourth longitudinally coupled resonator type 
surface acoustk; wave filters 41 to 44 and having the 
function of ba!anced4o-unbalanced conversion is pro- 
vided. The longitudinally coupled resonator type surface 
acoustic wave filters 41 to 44 each Include a longitudi- 
nally coupled resonator type surface acoustic wave filter 
of a three-IDT type having first to third IDTs disposed 
along the surface wave propagation direction, respec- 
tively. One end of the middle (second) IDTs 41b and 43b 
of the longitudinally coupled resonator type surface 
acoustic wave filters 41 and 43 is commonly connected 
to an unbalanced signal tenninal 45. The other end of 
the IDTs 41b and 43b is connected to the ground poten- 
tial. Furthermore, one end of each of the first and third 
IDTs 41 a and 41 c of the longitudinally coupled resonator 
type surface acoustic wave filter 41 is connected to the 
ground potential, and the other end of each is connected 
to one end of the first and third IDTs 42a and 42c of the 
longitudinally coupled resonator type surface acoustic 
wave filter 42, respectively. The other end of each of the 
IDTs 42a and 42c is connected to the ground potential. 
One end of the IDT 42b is connected to the ground po- 
tential and the other end is electrically connected to a 



balanced signal terminal 46. 

[0058] In the same way, one end of each of the IDTs 
43a and 43c is connected to the ground potential, and 
the other end is connected to one end of the first and 

5 third IDTs 44a and 44c of the longitudinally coupled res- 
onator type surface acoustic wave filter 44, respectively. 
The other end of each of the IDTs 44a and 44c is con- 
nected to the ground potential. One end of the (middle) 
second IDT 44b of the IDT 44 is connected to the ground 

10 potential, and the other end Is electrically connected to 
a balanced signal terminal 47. 

[0059] Here, the phase of the middle (second) IDTs 
42b and 44b is reversed between the longitudinally cou- 
pled resonator type surface acoustic wave filters 42 and 

15 44. Also, In the surface acoustic wave device 40 shown 
in Fig. 9, the balance can be improved by adding a re- 
actance component and/or a delay line, In accordance 
with the difference in frequency characteristic, to the bal- 
anced signal terminal 46 or the balanced signal terminal 

20 47. 

[0060] In the same way, in a surface acoustic wave 
device 50 in which two stages of longitudinally coupled 
resonator type surface acoustic wave filters 51 and 52 
are cascade-connected as shown in Fig. 1 0, the balance 

^5 can be improved by adding a reactance component and/ 
or a delay line to one of balanced signal terminals 54 
and 55. Moreover, in the surface acoustic wave device 
50, an unbalanced signal temninal 53 is connected to 
one end of the middle IDT 51b of the longitudinally cou- 

30 pled resonator type surface acoustic wave filter 51 . Fur- 
thermore, one comb-like electrode in the middle IDT 52b 
of the longitudinally coupled resonator type surface 
acoustic wave filter 52 is divided, and the balanced sig- 
nal terminals 54 and 55 are connected to the respective 

55 divided portions. Then, the IDTs 51a and 51c are elec- 
trically connected to the IDTs 52a and 52c so as to per- 
fonn the function of balanced-to-unbalanced conver- 
sion. 

[0061] Figs. 11 and 12 are schematic plan views for 

40 describing other modified examples of a su rf ace acous- 
tic wave device having the function of balanced-to-un- 
balanced conversion to which various preferred embod- 
iments of the present invention can be applied. 
[0062] In the surface acoustic wave device 60 shown 

45 in Fig. 11 , a longitudinally coupled resonator type sur- 
face acoustic wave filter 61 preferably includes first to 
third IDTs 61a to 61c and one end of each of the first 
and third IDTs 61a, 61c is connected to an unbalanced 
signal terminal 63 through a surface acoustic wave res- 

50 onator 62. One end of the middle (second) IDT 61 is 
connected to a balanced signal terminal 64 and the oth- 
er end is connected to another balanced signal terminal 
65. Here also the balance can be improved by adding a 
reactance component and/or a delay line to one of the 

55 balanced signal terminals 64 and 65. 

[0063] Moreover, in Fig. 1 1 , the surface acoustic wave 
resonator 62 is connected in series to the longitudinally 
coupled resonator type surface acoustic wave filter 61 , 
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but a surface acoustic wave resonator may be connect- 
ed in parallel. Alternatively, other preferred ennbodi- 
ments of the present invention can be applied to a con- 
struction in which surface acoustic wave resonators are 
connected in series and in parallel at the same time. 
[0064] Furthenmore, the present invention is not lim- 
ited to a surface acoustic wave device having the func- 
tion of balanced-to-unbalanced conversion, and, as 
shown in Fig. 12, the present invention can be applied 
to a surface acoustic wave device in which both input 
and output ends have a pair of balanced signal termi- 
nals, and then the balance can be improved In the same 
way as in the above-described preferred embodiments. 
In the surface acoustic wave device 70 shown in Fig. 

12, first to third IDTs 70a to 70c are arranged along the 
surface wave propagation direction. At respective sides 
of the area in which the IDTs 70a to 70c are provided, 
reflectors 70d and 70e are disposed. 

[0065] One end of the first and third IDTs 70a and 70c 
is connected to a balanced signal terminal 72 and the 
other end is connected to a balanced signal terminal 73. 
One end the second IDT 70b is connected to a balanced 
signal terminal 74 and the other end is connected to a 
balanced signal terminal 75. However, both input and 
output sides contain the first and second balanced sig- 
nal terminals. Also in this case, the balance can be im- 
proved by adding a reactance component and/or a delay 
line to one balanced signal terminal between a pair of 
the balanced signal terminals on the input side and/or 
the output side. 

[0066] Moreover, the above-described preferred em- 
bodiments and surface acoustic wave devices to which 
various preferred embodiments of the present invention 
can be applied were described attaching importance to 
a construction in which a longitudinally coupled resona- 
tor type surface acoustic wave filter is used and a bal- 
anced signal is input or output, but the present invention 
can also be applied to a construction in which a trans- 
verse coupling resonator type surface acoustic wave fil- 
ter and a transversal type surface acoustic wave filter 
are used and a balanced signal is output or input 
[0067] Furthemnore, the microstrip line was preferably 
provided on the package 31 in the above-described pre- 
ferred embodiments, but the microstrip line may be dis- 
posed on the piezoelectric substrate. 
[0068] Furthermore, the microstrip line 36e was pref- 
erably provided on the die attach portion 36 of the pack- 
age 31 in the above-described preferred embodiments, 
but a method for forming a microstrip line is not limited 
to this in the present invention. For example, a microstrip 
tine 361 may be disposed between the bottom plate 32 
and the side wall 33 of the package 31 as shown in Fig. 

13, and a microstrip line 36] may be disposed between 
a substrate layer 32a and the lower surface of the bot- 
tom plate 32 after the substrate layer 32a has been 
formed on the lower surface of the bottom plate 32 as 
shown in Fig. 14. in this case, the microstrip line 36j may 
be electrically connected to the die attach portion 36 



through a through-hole electrode 32b with which the bot- 
tom 32 is provided. 

[0069] As is clearly seen in Figs. 13 and 1 4, the loca- 
tion at which a microstrip line for adding a reactance 
5 component or a delay line is constructed on the package 
side is not particularly limited. 

[0070] Furthermore, the longitudinally coupled reso- 
nator type surface acoustic wave filter 3 and the longi- 
tudinally coupled resonator type surface acoustic wave 
10 filter 4 had the same construction in the first preferred 
embodiment, but the design parameters such as the 
cross width of electrode fingers, and other elements, 
may be made different between the filters when neces- 
sat7, 

15 [0071] Furthermore, a 40 ± 6* Y cut X propagation 
LiTaOs substrate was preferably used as a piezoelectric 
substrate 2, but in the present invention the piezoelectric 
substrate is not limited to that and, for example, an ap- 
propriate piezoelectric substrate such as a 64** to 72** Y 

20 cut X propagation LITaOs substrate, a 41 Y cut X prop- 
agation LiTaOs substrate, or other suitable substrate 
may be used. 

[0072] Fig. 1 5 is a schematic plan view for describing 
a surface acoustic wave device according to yet another 
25 preferred embodiment of the present invention. 

[0073] In the longitudinally coupled resonator type 

surface acoustic wave filter of the first preferred embod- 
iment, each electrode on the piezoelectric substrate 2 
was preferably electrically connected to an electrode of 
30 the package, but in the present invention , the electrodes 
of the package may be electrically connected to the sur- 
face acoustic wave element through bonding wires. In 
the preferred embodiment shown in Fig. 15, the surface 
acoustic wave fitter elements are electrically connected 
35 to the electrodes of the package by bonding wires. 
[0074] In Fig. 1 5, the electrodes of the surface acous- 
tic wave device 1 are preferably constructed nearly in 
the same way as in the first preferred embodiment. 
Therefore, the same portions are illustrated by the same 
40 reference numerals and the description is omitted. 
[0075] In the second preferred embodiment, the pack- 
age 81 contains a housing space 82 in the middle. A 
piezoelectric substrate 2 is fixed in this housing space 
82 by using an insulating adhesive (not Illustrated). Step 
45 portions 81 a and 81b are disposed on both sides of the 
housing space 82. The height of the step portions 81a 
and 81 b is made higher than the portion in which the 
surface acoustic wave device 1 is housed. Furthemnore, 
although not illustrated, a cover material 1 is fixed so as 
50 to extend between the step portions 81 a and 81 b and 
close the housing space 82. 

[0076] On the step portions 81 a and 81 b, electrodes 
83a to 83f are provided. The electrodes 81 a to 83f func- 
tion as external terminals that electrically connect the 
55 surface acoustic wave device to the outside. 

[0077] Moreover, the location of the pads connected 
to the IDTs on the piezoelectric substrate 2 Is a little dif- 
ferent from the electrode pads shown in Fig. 2. But the 
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locations of the electrode pads are such that the con- 
nection by a bonding wire is easy. 
[0078] The electrode 83b with which the pacl<age 81 
is provided is electrically connected to the unbalanced 
signal tenninal 15 through a bonding wire 84b. Further- 
more, the electrodes 83d and 83f are electrically con- 
nected to balanced signal terminals 16 and 17 through 
bonding wires 84e and 84f , respectively. The electrodes 
83a, 83c, and 83e are connected to the ground potential 
and an electrode pad 85 is electrically connected to the 
electrode 83a through a bonding wire 84a. The elec- 
trode pad 85 is connected to one end of IDTs 5 and 7. 
The electrode 83c is electrically connected to an elec- 
trode pad 86 through a bonding wire 84c. The electrode 
pad 86 is electrically connected to the IDT 6. 
[0079] The electrode 83c is electrically connected to 
an electrode pad 87 through a bonding wire 84d. The 
electrode pad 87 is electrically connectedto IDTs 1 0 and 
12. 

[0080] In the present preferred embodiment, the re- 
spective lengthes of the bonding wires 84e and 84f are 
preferably different from each other. That Is, the bonding 
wire 84e is longer than the bonding wire 84f and, be- 
cause of that, one balanced signal terminal 16 has a 
larger reactance component than the other balanced 
signal terminal 17 and, by compensating the difference 
in frequency between the balanced signal terminals 16 
and 17, the balance is improved. 
[0081] More specifically, the bonding wire 84e has a 
length so as to add a reactance component of about 1 .0 
mH and the bonding wire 84f has a length to add a re- 
actance component and a delay line of about 0.5 mH in 
the present preferred embodiment. Therefore, a larger 
reactance component and a delay line is added to the 
side of the balanced signal terminal 1 6 than to the side 
of the balanced signal temilnal 1 7 and the bonding wires 
function in the same way as the microstrip line 36e in 
the first preferred embodiment. 
[0082] The characteristic of amplitude balance to fre- 
quency and the characteristic of phase balance to fre- 
quency of the surface acoustic wave device of the 
present preferred embodiment are shown by solid lines 
in Figs. 1 6 and 17. 

[0083] For comparison, a surface acoustic wave de- 
vice 90 shown in Fig. 1 8 was prepared. Here, the lengths 
of bonding wires 91a and 91b are equal to each other. 
That is, the lengths of the bonding wires connected to 
balanced signal terminals 16 and 17 are equal to each 
other. The others are constructed in the same way as in 
the second preferred embodiment of the present Inven- 
tion. The characteristic of amplitude balance to frequen- 
cy and the characteristic of phase balance to frequency 
of the surface acoustic wave device prepared for com- 
parison, which is shown in Fig. 1 8, are shown by broken 
lines in Figs. 16 and 17. 

[0084] As clearly seen in Fig. 16, in the range 869 
MHz to 894 MHz, which is the frequency range of the 
passband in the AMPS reception filter, the maximum 



amplitude balance is 0.9 dB in the conventional exam- 
ple, but 0.7 dB in the second preferred embodiment, and 
the amplitude balance is Improved by about 0,2dB. Fur- 
thermore, as clearly seen in Fig. 17, the maximum 

5 phase balance is eight degrees, but five degrees in the 
second preferred embodiment, and it is understood that 
the phase balance is improved by about three degrees 
in this preferred embodiment of the present invention. 
[0085] That is, because the lengths of the bonding 

10 wires connected to the balanced signal temiinals 1 6 and 
1 7 are different from each other as described above, a 
larger reactance component and a delay line is provided 
for one balanced signal temninal 16, and the difference 
between the frequency characteristics of the balanced 

15 signal temiinals 1 6 and 1 7 is corrected and, as a result, 
the balance is improved. 

[0086] Moreover, in the second preferred embodi- 
ment, a larger reactance component and the delay tine 
was added to the balanced silgnal terminal 1 6, but when 

20 the difference between the frequency characteristics of 
the balanced signal temiinals 1 6 and 17 is reversed, a 
larger reactance component and a delay line may be 
added to the side of the balanced signal terminal 17. 
[0087] Furthermore, although a reactance compo- 

25 nent and delay line is added in the first and second pre- 
ferred embodiments as described above, a delay line 
may be added instead of a reactance component and a 
delay line and then the same effect can be obtained. 
[0088] Rg. 1 9 is a schematic plan view showing an 

30 electrode structure of a surface acoustic wave device 
according to athird preferred embodiment of the present 
invention. 

[0089] The surface acoustic wave device 201 accord- 
ing to the third prefen-ed embodiment has the same 

35 structure as the surface acoustic wave device 1 shown 
in Fig. 1 except that a capacitor 202 is connected be- 
tween the balance signal tenninals 1 6 and 1 7 as an ex- 
ternal component. The static capacitance of the capac- 
itor is preferably about 1 pF. 

40 [0090] Figs. 20 and 21 respectively show by solid 
lines the relationship between the frequency character- 
istics and the amplitude balance and the relationship be- 
tween the frequency characteristics and the phase bal- 
ance for the device of this third embodiment. Figs. 20 

45 and 21 also shows by dotted lines those characteristics 
of the surface acoustic wave device that was produced 
in the same way except no capacitor 202 was provided. 
[0091] As is apparent from Fig. 20, while the maxi- 
mum amplitude balance within the frequency of pass- 

so band in the filter used for an AMPS receiver is 0.9 dB in 
the surface acoustic wave device prepared for compar- 
ison, the device according to the present preferred em- 
bodiment gives 0.5 dB. Therefore, the amplitude bal- 
ance is improved by about 0.4 dB with the present pre- 

55 f erred embodiment of the present invention. 

[0092] Also, as is apparentfrom Fig. 21 , while the sur- 
face acoustic wave device having no externa! capacitor 
202 shows 9* of maximum phase balance, the device 
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according to the present preferred embodiment shows 
8** of maximum phase balance. Thus, the phase balance 
is improved by about 1 

[0093] These improvements in the balance according 
to the third preferred embodiment result from adjust- 
ment of the deviation in the frequency characteristics 
between the balanced signal terminals 1 6 and 1 7 by the 
added capacitance component between the balanced 
signal terminals 16 and 17. 

[0094] As explained above, the balance within the 
passband Is improved by adding the capacitance com- 
ponent between the balanced signal terminals. Howev- 
er, there might be a possibility of a degradation of VSWR 
within the passband. in view of this possibility, the 
VSWR, amplitude balance and shift balance are meas- 
ured in accordance with the change in the capacitance 
of the capacitor to be added as indicated in Figs. 22 to 
24. 

[0095] As is apparent Fig. 24, VSWR degrades in ac- 
cordance with an increase In capacitance of the capac- 
itor. Figs. 23 shows that the phase balance becomes 
smaller within the capacitance of 1 pF to 2 pF and in- 
creases at the capacitance more than 3 pR For these 
reasons, it is preferable that the capacitance of the ca- 
pacitor is about 2 pF or less. 

[0096] Although In the third preferred embodiment, 
the capacitor to add the capacitance component be- 
tween the pair of balanced signal terminal is provided 
outside a package of a surface acoustic wave device, 
the same effect can be achieved by increasing the ca- 
pacitance component between the balance signal ter- 
minals 16 and 17 within the package of the surface 
acoustic wave device. For example, In order to increase 
the capacitance component between the balanced sig- 
nal terminals 16 and 17, the ground electrode line be- 
tween the electrodes 36c and 36d may be removed in 
the structure shown in Fig. 8, and the electrodes 36c 
and 36d may be disposed so as to be adjacent with each 
other, as shown in Fig. 25. 

[0097] Alternatively, as shown in Fig. 26, capacitance 
components 203 and 204 may be connected between 
the pair of balanced signal temninals via a ground po- 
tential, and the same effect can be obtained. More spe- 
cifically, as shown in Fig. 27, a ground electrode 205 is 
provided in the package so as to be positioned below 
the balanced signal temiinals. In this way, the capaci- 
tance component can be increased between the bal- 
ance signal terminals 16 and 17, thereby improving the 
balance of the surface acoustic wave device. 
[0098] Figs. 28 and 29 are block schematic diagrams 
for describing a communications device 160 Including a 
surface acoustic wave device according to a preferred 
embodiment of the present invention. 
[0099] In Fig. 28, a duplexer 162 is connected to an 
antenna 1 61 . A surface acoustic wave filter 1 64 and an 
amplifier 1 65 are connected between the duplexer 1 62 
and a reception side mixer 1 63. Furthermore, an ampli- 
fier 1 67 and a surface acoustic wave filter 1 68 are con- 



18 

nected between the duplexer 162 and a transmission 
side mixer 1 66. In this way, when the amplifier 165 can 
cope with a balanced signal, a surface acoustic wave 
device constructed according to other preferred embod- 
5 Iments of the present Invention can be appropriately 
used as the above-mentioned surface acoustic wave fil- 
ter 164. 

[0100] Furthermore, as shown in Fig. 29, also when 
an amplifier 1 65A used on the reception side deals with 

10 an unbalanced signal, a surface acoustic wave device 
constructed according to preferred embodiments of the 
present invention can be appropriately used as a sur- 
face acoustic wave filter 164A. 
[0101] While preferred embodiments of the invention 

15 have been disclosed, various modes of carrying out the 
principles disclosed herein are contemplated as being 
within the scope of the following claims. Therefore, it is 
understood that the scope of the Invention Is not to be 
limited except as othenwise set forth in the claims. 

20 

Claims 

1 . A surface acoustic wave device (1 ) comprising: 

25 

a piezoelectric substrate (2); 
at least one IDT (5-7) disposed on the piezoe- 
lectric substrate; 

an input end and an output end connected to 
30 the IDT, at least one of the input end and the 

output end including a pair of balanced signal 
terminals (16,17); and 

at least one of a delay line and a reactance 
component connected to one of the pair of bal- 
35 anced signal terminals (1 6,1 7). 

2. A surface acoustic wave device according to claim 
1 , wherein each of the pair of balanced signal ter- 
minals (16,17) has connected thereto a respective 

40 delay line and/or reactance component, the proper- 
ties of the delay lines and/or reactance components 
connected to the different balanced temiinals being 
different from each other 

45 3. A surface acoustic wave device (201 ) comprising: 

a piezoelectric substrate (2); 
at least one IDT (5-7) disposed on the piezoe- 
lectric substrate; 
50 an Input end and an output end connected to 

the IDT, at least one of the input end and the 
output end Including a pair of balanced signal 
temiinals (16,17); and 

a capacitance component (202) connected be- 
55 tween the pair of balanced signal terminals 

(16.17). 

4. A surface acoustic wave device according to any 
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one of claims 1 to 3, wherein the surface acoustic 
wave device is a longitudinally coupled resonator 
type surface acoustic wave filter in which at least 
three IDTs (5-7) are disposed along the surface 
acoustic wave propagation direction. 5 

5. A surface acoustic wave device according to any 
one of claims 1 to 3, wherein the surface acoustic 
wave device includes a plurality of the longitudinally 
coupled resonator type surface acoustic wave fil- io 
ters. 



12. A communications device containing a surface 
acoustic wave device according to any previous 

claim. 



6. A surface acoustic wave device according to any 
previous claim, wherein there is no electrically neu- 
tral point between the first and second balanced sig- is 
nai terminals (16,17). 



7. A surface acoustic wave device according to claim 
1 , 2, or 4-6, further comprising a package (31) and 
a microstrip line (36e) provided on one of the pacl<- 20 
age and the piezoelectric substrate (2), wherein the 
microstrip line (36e) constitutes at least one of the 
delay line and the reactance component. 



8. A surface acoustic wave device according to any ^5 
previous claim, and comprising a plurality of IDTs 
(5-7) disposed on the piezoelectric substrate (2), 
said device being housed inside a package (31) 
such that the surface of the piezoelectric substrate 
having the IDTs (5-7) disposed thereon faces down- so 
ward. 



9. A surface acoustic wave device according to claim 
1 , 2, or 4-6, further comprising a package having 
electrodes (83) disposed thereon, wherein the elec- 35 
trodes (83) of the package are electrically connect- 
ed to at least one of the Input and output ends hav- 
ing the first and second balanced signal temriinais 
(16,1 7) via a respective bonding wire (84e,84f), and 
wherein the bonding wire (84e,84f) constitutes at 40 
least one of the delay line and the reactance com- 
ponent. 



10. A surface acoustic wave device according to claim 
3, further comprising a package and a microstrip 4S 
line provided on one of the package and the piezo- 
electric substrate, wherein the microstrip line con- 
stitutes the capacitance component. 



1 1 . A surface acoustic wave device according to claim 50 
3, further comprising a package having electrodes 
disposed thereon, wherein the electrodes of the 
package are electrically connected to at least one 
of the Input and output ends having the pair of bal- 
anced signal terminals via a bonding wire, and 55 
wherein the bonding wire constitutes the capaci- 
tance component. 



11 

BNSDOCID: <EP 1 168612A2J_> 



EP 1 168 612 A2 



FIG. 1 



15 




5 6 



8 



18 




10 

i 



\ I 6b 



/ / y 



5a 



7a 



•7- 



10a 



13 



7" 



11 

1 



(>~16 



19 



12a 



12 



■7-1 la 



12 



BNSDOCID: <EP 1 168612A2J_> 



EP1 168 612A2 




13 



BNSDOCID: <EP 1168612A2_I_> 



EP 1 168 612 A2 



FIG. 3 




BNSDOCID: <EP 1 168612A2_L> 



14 



EP 1 168 612 A2 



FIG. 5 



38a 



38b 





V 


• 










EM 













38d 



38e 



38 f 



38c 



15 



BNSDCXDID: <EP 1168612A2_L> 



EP1 168 612 A2 



FIG. 6 




FREQUENCY (MHz) 

FIG. 7 



^ 30 

UJ 
UJ 

9. 20 





1 


1 

PASSBAND 


1 

^ 




I 

\ 
% 
\ 
\ 

—A. 
% 


-* 








\ 
\ 
\ 










\ 






— 1 


-J 


i 



860 870 880 890 900 



FREQUENCY (MHz) 



BNSDOCID: <EP 1168612A2 1 > 



16 



EP1 168 612 A2 



FIG. 8 



36a 




36b 36d 



BNfSDOCID: <EP 1168612A2_L> 



17 



EP1 168 612 A2 



FIG. 9 

40 



41 



41a 41b 



111 



41c 




r 



45 



43a 



43b 



\mM mmm mm 



/7T 



44a 



y 44b 



ill iMWMiiiMnnniiiM 



r ;r-44 



75^ 



47 



BNSDCXJID; <EP 1168612A2_L> 



18 



EP1 168 612 A2 



FIG. 10 




BNSDOCID: <EP 1 168ei2A2J_> 



19 



EP 1 168 612 A2 




BNSDOCID:<EP 116a612A2 I > 



20 



EP1 168 612 A2 




BNSDOCID: <EP 1 16661 2A2J_> 



21 



EP1 168 612 A2 




BNSDOCID: <EP. 116861 2A2 I > 



22 



EP1 168 612 A2 



FIG. 15 




FIG. 16 



87 17 



m 2.0 




870 880 890 

FREQUENCY (MHz) 



900 



BNSDOCID: <EP 1 168612A2J_> 



23 



EP1 168 612 A2 



FIG. 17 

30 



25 



ai 

LU 

o 

UJ 

G. 20 

UJ 

^ 15 

5 

^ 10 

Q. 



0 

860 





1 1 1 

PASSBAND ' 














I 

t 
t 

« 










\ 

\ 
\ 

i \ 
\ \ 


















1 1 


1 




r 



B3a 



870 880 890 

FREQUENCY (MHz) 



900 



83d 




83c 84d 



91b 83f 



24 



BNSDOCID: <£P 1168612A2_I.> 



EPi 168 612 A2 




BNSOOCID: <EP 1168612A2_L> 



25 



EP 1 168 612 A2 



FIG. 20 



CO 
2, 

LU 
O 
2 

< 

m 

LU 
Q 

-J 
Q. 

< 



2.0 
1.8 
1.6 
1.4 
1.2 



1. 
0. 
0 

0. 



0.2 
0.0 











PASSBAND 






.A 

/ A ' js>^ 





860 



870 880 

FREQUENCY (MHz) 



890 



900 



FIG. 21 



LU 

d: 
O 

LU 
O 

UJ 

o 

< 

CD 

LU 
CO 

$ 

Q. 



20 
18 
16 

14 
12 
10 
8 
6 
4 
2 
0 



1 

i- 






1 
I 

-V- 

1 


PASSBAND 














T \ 
\ \ 


















Si* 

~^:::::::;/^- 








1 1 


1 





860 



870 880 890 

FREQUENCY (MHz) 



900 



BNSDOCID: <EP 1168612A2_I_> 



26 



EP1 168 612 A2 



FIG. 22 
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FIG. 24 
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